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Field of the Invention 

This invention relates to a communication system comprising at least cue 
central and a number of remote units and employing a shared frequency 
band. 



Bnckgrovmd of the Invention 

Communication systems including a t least one central and a number of 
15 remote units typically use separate portions of the frequency spectrum or 
frequency bands for the uplink (remote unite transmitting to the central 
Station) and the downlink (the central station transmitting to the remote 
units). A typical example of such a system is the Global System for Mobile 
telecommunication (GSM) where the uplink and downlink are transmitted in 
, 20 different frequency bands 45 MHz apart. 

A major disadvantage with separate frequency bands is the inflexibility 
caused by the need for a fixed allocation of total spectrum used for the uplink 
and for the downlink. 
j25 In many systems the total traffic distribution between the uplink and 

downlink vary significantly with time. A fixed allocation of spectrum for each 
direction therefore requires dimensioning for wors* ease scenarios in the up- 
and downlink independently whereas the total traffic may be significantly 
less than the sum of the individual worst case situations. A significant 
improvement can be obtained if the spectrum can be dynamically allocated 
between the uplink and downlink. 



As an example it has been identified that t ie variation in time of the traffic 
distribution between the uplink and downlink in the future Universal Mobile 
35 Telecommunication System (UMTS) ^ill bi very large. As a result it has 

been specified that it will be advantageous if the UMTS air interface will be 
able to share spectrum dynamically between uplink and downlink. 
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Separation of different radio signal© in communication systems is achieved 
by separation in either time, frequency, code or a combination thereof. 
However, when sharing the same spectrum between uplink and downlink 
the separation becomes increasingly difficult as the power variation between 

5 desired and undesired signals can be extremely large. A typical example is 
the situation where a remote unit is located on the edge of the coverage area 
and therefore receives a vwy weak signal fippm the central station. At the 
same time a nearby remote unit may transmit to the central station using 
high power as it is also close to the edge of the coverage area thereby causing 

10 a very strong interfering signal. 

If the signals are separated in time, such as in a Time Division Duplex 
(TDD) scheme the interference can be constrained to time intervals not used 
by the current remote unit and separation can therefore be very effective, 

15 However, the requirement for guard time between transmission and 
reception makes a time division scheme impractical for anything beyond 
very small cells (typically loss than one kilometre). Division in frequency 
requires a very large attenuation of the unwanted signal due to the high 
power variation between the signals and this imposes very strict 

20 requirement* on the Utters resulting in large and expensive filters* Similarly, 
division in code will also require a very large attenuation of the unwanted 
signal due to the high power variation and this will result in the need for 
very long codes which complicates the receiver design significantly. 
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Anew invention is therefore desired for facilitating the sharing of spectrum 
between the uplink and downlink. 



Summary of the Invention 

According to the present invention, there is provided a communication 
system including a first central station, a plurality of remote units, and a 
frequency spectrum for providing communication services to the plurality of 
remote units, the communication system comprising: means for transmitting 
between the first central station and a first remote unit in a first portion of 
the frequency spectrum in a first direction using a first transmission scheme; 
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and the communication system being characterised by comprising: means for 
transmitting simultaneously between the first central station and a second 
remote unit in the first portion of the frequency spectrum in a second 
direction using a second transmission scheme. 

5 

The different transmission schemes are preferably characterised by one 
having the signal energy spread in preferably both the time and frequency 
domain whereas the other transmission scheme having signal energy 
concentrated in preferably both the frequency and time domain, 

10 

According to one feature of the invention the spread energy signals can be 
spread un-evenly thereby concentrating signal energy in frequencies with 
the minimum cross-directional interference. According to another feature of 
the invention, remote units may be allocated spectrum so that units 
15 uplinMng and downlinking in the shared portion of the frequency spectrum 
are separated geographically thereby increasing the mi^imiim coupling Iogb 
between the units and thus minimising the interference. 

According to a second aspect of the invention there is provided a method for 
20 communication in a communication system including a first central station* 
a plurality of remote units, and a frequency spectrum for providing 
communication services to the plurality of remote waits, the method 
comprising the steps of: transmitting between the first central station and 
a first remote unit in a first portion of the frequency spectrum in a first 
25 directio a using a first transmission scheme ; and the method being 
characterised by comprising the step of: transmitting simultaneously 
between the first central station and a second remote unit in the first portion 
of the frequency spectrum in a second direction using a second transmission 
scheme. 

30 



Brief Description of the Drawings 



FIG, 1 is an illustratlou of a typical communication system to which this 
invention may apply. 

PIG, 2 is an illustration of frequency band allocation for uplink and downlink 
5 traffic in « preferred embodiment. 

FIG. 3 is an illustration of a preferred embodiment of a remote unit. 

FIG. 4 is an illustration of an example of signal energies spread or 
10 concentrated according to the invention* 

FIG. 5 is an illustration of ejx uneven spreading of signal energy applied to 
the spread energy signal. 

1 5 FIG- 6 is an illustration of a preferred allocation of channels in the shared 
frequency band to remote units. 

FIG. 7 is an illustration of a. prvcess flowchart of a preferred method of 
allocating channels to users. 
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Detailed Description of a Preferred Embodiment 

According to the present invention, a communication system 100 allowing 
sharing of spectrum between the uplink and downlink is provided, the 
system comprising at least one central station and a plurality of remote 
units. FIG. 1 illustrates such a system where a central station 101 
communicates with a number of remote units 103 over radio channels 105. 
Specifically, the communication system can be a cellular system where the 
central station covers users within a certain geographical area 107 whereas 
other geographical areas 109,111 are covered by other central stations 
113,115. An example of such a system is the UMTS cellular system 
undergoing standardisation in the European Telecommunications Standards 
Institute. 

According to the present invention at least a portion of the spectrum is 
allocated for sinralfteaeeua use in the uplink and downlink direction. A 
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preferred spectrum allocation 2Q0 is shown in FIG. 2. A portion of the 
spectrum is allocated for uplink 201, another for downlink 205 and a third is 
shared between up- and downlink 203. It is preferred that call setup is 
performed using the separate up- and downlink portions of the frequency 
spectrum 201 ,205 as the interference in these bands axe expected to be less 
than in the shared spectrum 203. The interference in the shared spectrum 
can be very severe in some situations for example if a remote unit using this 
band for uplink is very closeto a remote unit using the same spectrum for 
downlink. 



The principle of the current invention is to use a hybrid air interface at least 
in the shared portion of the irequency spectrum by employing different 
tr ansmis sion schemes which cause the least cross-interference between the 
uplink and downlink. The preferred system will spread the signal energy in 
IS one direction as much as possible while concentrating the signal energy as 
much as possible in the other direction. The spreading of energy in one 
direction will preferably be in both the time and frequency domain and 
similarly the concentration of signal energy in the other direction will also 
preferably be in both the time and frequency domain. 

20 

A preferred implementation of a remote unit 103 is illustrated in FIG, 3. The 
remote unit 103 comprises an antenna 301 connected to a duplexer 311 
which again is connected to a receiver unit 303 and transmitter unit 309. 
The receiver and transmitter mdts 308,309 are connected to a controller 805 
25 which is connected to a user interface 807. The remote unit 103 thus 

provides means for transmission and reception of user data under the control 
of a controller 305. The transmitting unit 309 Is able to transmit using a 
different transmission scheme than the receiving unit 303. For example 
according to the invention the transmitting unit 309 can employ a time 
continuous broadband signal wh&reas the receiving unit 303 can employ a 
time division narrow band signal. In addition the transmitter unit 309 and 
receiver unit 303 may be able to use a plurality of transmission schemes and 
operate in a plurality of different frequency bands. The central station 101 is 
similar to the remote units 103 but the transmission schemes available will 
35 typically be reciprocal to the remote units 103, so Unit the transmission 
schemes available to the receiving unit 303 in the remote unit 103 will be 
available in the transmitting unit 309 of the central station 101 and vice 
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versa. Which transmission scheme to use is determined in the controller 305 
in the remote units 103, the central station 101 or may be distributed 
throughout the system- The details of receiver and transmitter design lor 
various transmission schemes are well known in the art, and the skilled 
5 person may use any known method of transmitter or receiver design without 
detracting from the present invention. 

A preferred energy distribution 400 is illustrated in FIG. 4 where a spread 
energy signal 401 and concentrated energy signals 403 axe shown. 

10 

When considering the frequency domain the spread energy signal 401 
corresponds to a broadband signal where the radio signal occupies a 
relatively high bandwidth hut has relatively low spectral energy density. 
Preferably the signal is spread using a spread spectrum technique as is well 

1 5 known in the art. Other alternatives for spreading the signal include known 
techniques such as frequency hopping or increasing the bandwidth of the 
signal by introducing redundant data* An example of the latter is the use of 
Forward Error Correcting (FEC) codes which allows transmission at lower 
spectral power density and increased bandwidth. The concentrated energy 

20 signals corresponds to standard narrowband signals where no or limited 
frequency spreading is applied. 

When considering: the time domain, the spread energy signal corresponds to 
a signal of long duration in comparison to the transmissions of the 

25 concentrated energy signal, preferably it is a continuous signal. The 
concentrated energy signal corresponds to a signal which performs the 
transmissions in short bursts rather than continuous transmissions. These 
signals are for example used in TDMA communication systems. The spread 
energy signal is thus characterised by having a relatively low variation in 

30 transmitted power whereas the concentrated energy signal will have high 
peak power during transmission bursts. 

When receiving the signals the high disparity between the two transmission 
formats wfll provide significant benefits in terms of reduction of the 
35 interference level, the possibility of Using interference reduction receiver 

techniques and the possibility of using techniques minimising the impact of 
the given interference. 



twuiv 



7 



When receiving the concentrated energy signal such as a non-frequency 
spread TDMA signal, the interference energy from a possible nearby strong 
interferer will be spread in both time and frequency- The interference energy 

E contained in the relevant time-slot and narrow frequency channel is 

therefore rrriniTnisedL As an example, if a Q8M speech call is considered a 200 
fcH& channel is used. Assuming an interfering signal is spread to 5 MHz (as 
is considered for UMTS), the interference power of this signal in the 
narrowband GSM channel will be reduced by 25 times ie. by 14 dB. The 

1 0 reduction of interference power will substantially decrease the dynamic 

range requirement of title receiver. In addition the GSM TDMA signal has a 
duty cycle of 1/8 and the total reduction in interference energy is thus 200 
times i.e. 23 dB. 

IS When receiving the spread energy signal the concentrated energy signal can 
have a very high interference level but this will be concentrated preferably 
both in time and frequency. It is thus possible to remove this high 
interference by filtering using for example a notch filter. This will again 
remove a potentially very high interference level thereby significantly 

20 reducing the dynamic range requirements of the receiver- The filtering of the 
unwanted narrowband interferer will also remove a part of the wanted 
signal. However* as the filtering is concentrated to a narrow bandwidth and 
a short timealot, this effect will be acceptable in most situations. The 
interferer will be constrained to a short time interval and extending the 

25 interleaving anxl FEC coding beyond this time interval will significantly 
reduce the amount of bit errors caused by the interferer. If the energy 
concentrated signal is a TDMA signal the interleaving * r*d coding will 
preferably extend over an entire frame length 

30 In accordance with the invention the interference levels can be further 
reduced by spreading the spread energy signal unevenly in frequency 
depending on the interference to and from remote units using the shared 
spectrum for communicating in the other direction. This is illustrated in 
FIG, 5 where an evenly spread signal 501, an unevenly spread signal 503 

35 and narrowband signals 505 are shown, tho spread signals representing 
communication in one direction and the narrowband signals representing 
communication in the other direction. By concentrating the spread signal 
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energy towards the spectrum not used by narrowband signals, the 
interference to and from these is reduced 

As an example spreading codes used for current CDMA, systems are 

5 optimised for a flat frequency response as this gives optimum perforate* 
for a pure CDMA system. However, in the proposed system there can be 
much higher interference in some frequency bands than in others and it is 
therefore preferred to use non-flat spreading codes which concentrate the 
CDMA, signal energy towards frequencies with minimum interference* For 

1 0 example, if the narrowband interferons are allocated towards the higher 
frequencies, a spreading code concentrating energy towards lower 
frequencies can be used (ref, FIG. 5). Any other distribution is equally 
applicable to the current invention, for example allocating narrowband 
carriers periodically or towards the lower or middle part of the frequency 

15 bands in order to optimise the system for the given spectral shaping of the 
spread signaL The method can be used adaptkvely dependent on the number 
and level Of narrowband interferons. The shaping of the spreading can either 
be obtained by changing the spreading code or by modifying the pulseshape 
of the spreading signal. If the spreading is done using frequency hopping, the 

2D effect can be obtained simply by increasing the concentration of hops to 
frequency bands with less interference. 

Another aspect of the invention concerns the reduction of interference 
between remote units in the described communication system by allocation 

25 of channels in the shared portion of the frequency spectrum to remote units 
geographically separated. An example of the principle of allocation is 
illustrated in FIG. 6 which shows one central station 601, a plurality of 
remote units 603 tmd three areas 605, 607 and 60© dividing the remote units 
into groups depending on their distance to the central station 601, According 

30 to tiie invention calls can be set up usine the dedicated portions of the 
frequency spectrum, and as desired calls can be allocated channels in the 
shared spectrum in such a way, that they use the shared spectrum for 
communication in one direction and the appropriate dedicated spectrum for 
communication in the other direction. Hie principle of allocation of the 

35 shared spectrum is that it is used in one direction by the remote units closest 
to the central station and in the reverse direction by the remote units 
furthest from the central station. With reference to the figure, remote units 
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60S in area 605 will thus be allocated for example downlink channels in the 
shared spectrum and uplink channels in the dedicated uplink frequency 
spectrum whereas the remote writs in area 609 will be allocated uplink 
channels in the ahared spectrum and downlink channels in the dedicated 
5 spectrum. The basic principle is thus to allocate channels so that remote 
units uplinkiug in the shared spectrum are kept as far as possible from the 
remote units downlinking. This maximises the minimum coupling loss 
between remote unite sharing spectrum and thereby minimises interference. 

10 FIG, 7 is an illustration of & process flowchart 700 of a preferred 

embodiment of this method. The method is preferably implemented in the 
controller of the central station 601 but may be implemented in the remote 
units 603 or distributed throughout the system. 

15 The process starts in step 701 where the distance between the central 
station 601 and the remote unit 603 is estimated* The further the remote 
unit 602 is from the central station 601 the higher the propagation loss and 
the preferred method of estimating the distance is therefore from 
measurement of the received signal strength and knowledge of the 

20 transmitted power level, or simply from knowledge of the transmitted power 
level for a given transmission quality. However, other alternatives include 
measurement of transmission delay, such as timing advance tor GSM 
systems, or using location information, such as information from Global 
Positioning System receivers included in the remote units as is envisaged tor 

25 some future communication systems. 

Step 703 follows from step 701 and consists in allocating radio channels in 
the shared portion of Lhe fluency spectrum to the furthest of the remote 
units 603. The allocation is such that the remote units 603 are allocated 
channels in one direction in the appropriate non-shared spectrum and 
channels in the second direction in the shared spectrum. 
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Step 705 which follows from step 701 and may be independent of step 703 
allocates channels to the closest remote units 608. The allocation is 
35 reciprocal to lh* allocation of channels to the farthest remote units in step 
703, The remote units are thus allocated channels in the appropriate non- 
shared spectrum for communication in the direction in which the furthest 
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remote units 603 use the shared spectrum. The closest remote waits 603 are 
furthermore allocated channels in the reverse direction in the shared 
frequency spectrum but utilising a different transmission scheme in 
accordance with the invention. 

5 

The invention thus provides a communication system or method of 
communication based on using different transmission schemes in the uplink 
and downlink direction* The use of two different transmission schemes 
allows for the uplink and downlink signals to have a large disparity and this 
10 enables the cross interference between these signals to be minimised. As a 
consequence the sharing of a portion of frequency spectrum for 
simultaneously communicating in both directions is substantially facilitated. 
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Claims 



1* A communication system (100) including a first central station (101), a 
S plurality of remote unite (103), and a frequency spectrum for providing 

communication services to the plurality of remote units, the communication 

system comprising: 

means for transmitting between the first central station(lOl) and a 

first remote unit (103) in a first portion (203) of the frequency spectrum in a 
1 0 first direction using a first transmission scheme; 

and the communication system being characterised by comprising^ 

means for transmitting simultaneously between the first central 

station (101) and a second remote unit in the first portion (203) of the 

frequency spectrum in a second direction using a second transmission 
15 scheme* 

2- A communication system as claimed in Claim 1 characterised by said 
first transmission scheme using spread energy signals and said second 
transmission scheme using concentrated energy signals* 



3. A communication system as claimed in Claim 1 characterised by said 
first transmission scheme using a substantially time continuous signal with 
low power variation, and said second transmission scheme using a time 
discontinuous signal with high peak power during transmission bursts. 

4. A communication system as claimed in Claim 1 characterised by the 
use of a Time Division Multiple Access (TDMA) scheme in said first direction 
and Code Division Multiple Access (CDMA) in said second direction. 

5. A communication system us claimed in Claim 1 characterised by the 
use of an Orthogonal Frequency Division Multiple Access (OFDMA) scheme 
in said first direction and Cod* Division Multiple Access (CDMA) in said 
second direction. 
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S. A communication system as claimed in Claim 1 characterised by a 
second portion (201) of said frequency spectrum being dedicated to 
communication in said first direction and a third portion (205) of said 
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frequency spectrum being dedicated to communication in said second 
direction. 

7. A communication system as claimed in claim 6 further including a 
5 controller (305) for allocating users characterised by comprising: 

a) means for estimating a distance from said first central station to 
said plurality of remote units (103); 

b) means for allocating channels to the furthest of said plurality of 
remote units (103) in said first portion (203) of the frequency spectrum for 

10 communicating in ooid first direction and in said third portion (205) of the 
frequency spectrum for communicating in said second directum; and 

c) means for allocating to the closest of said plurality of 
remote units (103) in said first portion (203) of the frequency spectrum for 
communication in said second direction and in said second portion (201) of 

1 5 said frequency spectrum for communicating in said first direction. 

3. A communication system as claimed in Claim 1 characterised by said 
first transmission scheme using- broadband signals (401) with low spectral 
energy density and said second transmission scheme using narrowband 
20 signals (403) with high spectral energy density. 

9, A communication system as claimed in Claim 8 characterised by said 
broadband signals (503) being unevenly spread signals. 

25 10. A communication system as claimed in Claim 8 characterised by 
further comprising 

means for selectively removing said narrowband signals (403) when 
receiving said broadband signals (401). 

30 11. A method for communication in a communication system (100) 

including a first central station (101), a plurality of remote units (103), and a 
frequency spectrum for providing communication services to the plurality of 
remote units, the method compriaiiig the steps ofc 

transmitting between the first central station (101) and a first remote 

35 unit (103) in a first portion (203) of the frequency spectrum in a first 
direction using a first transmission scheme; 
and the method being characterised by comprising the step of; 
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transmitting simultaneously between the first central station (101) 
and ti second remote unit in the first portion (203) of the frequency spectrum 
in a second direction using » second transmission scheme. 
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COMMUNICATION SYSTEM AND METHOD FOR 
COMMUNICATION 

Abstract of the Disclosure 

5 

A communication system (100) including at least one central (101) and a 
number of remote units (103) is provided which utilise a shored spectrum 
(203) for simultaneous communication in the uplink and downlink direction. 
According to the invention different transmission schemes are used in the 

1 (1 two directions for reducing the cross interference between remote units (103) 
uplinking and remote units (103) downlinking in the shared spectrum. The 
different transmission schemes are characterised by one (401) having the 
signal energy spread in preferably both the time and frequency domain 
whereas the other (403) transmission scheme is characterised by having 

15 signal energy concentrated in both the frequency and time domain, 



S£$? BY: MOTOROLA jnc 



4-27- 0 ; 4:26PM ; INTELLECTUAL PROPERT-* 847 576 3750;# 2/10 



09/530310 



1/3 



107 




F IG.1 



201 



DEDICATED 
UPLINK 



203 



200 



SHARED 

UP & DOWNLINK 



S-205 



DEDICATED 
DOWNLINK 



] 



FIG. 2 



V 



103 




{303 



r305 307^ 



CONTROLLER 



USER 
I/F 



F IG.3 



SEN? BY -MOTOROLA INC 



; 4-27- 0 ; 4:26PM ; INTELLECTUAL PROPERT- 



847 576 3750 ;# 3/10 



2/3 



09/530310 



403 \ 403 ^1 403 \ 40J "Y 



401^ 



400 



FIG. 4 



TIME OR 
FREQUENCY 



SHAPED 
SPREADING 

TV 



v. cm 



■501 
NON-SHAPED 
SPREADING 



505 ^\505 
505^, 



500 



505 



FIG. 5 



FREQUENCY 



c 



603 



MOBILES DOWNLINKING 
IN SHARED BAND 



C 



603 



603- 




607 609 



FIG. 6 



_i 



SENT BY : MOTOROLA INC 



; 4-27- 0 ; 4:26PM ; INTELLECTUAL PROPERT- 



847 576 3750 ;# 4/10 



3/3 



09/530310 



700 



703 



21 



701 



ESTIMATE DISTANCE 
FROM CENTRAL STATION 
TO REMOTE UNIT 



ALLOCATE CHANNELS 
TO FURTHEST USERS 



705 



ALLOCATE CHANNELS 
TO CLOSEST USERS 



JFIG.7 



COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 



Attorney Docket CE30382P 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below), or an 
original, first and joint inventor (if plural names are listed below), of the subject matter which 
is claimed and for which a patent is sought on the invention entitled COMMUNICATION 
SYSTEM AND METHOD FOR COMMUNICATION , the specification of which is attached 
hereto unless the following box is checked; 

□ Application was filed on 10/21/98 in the u.s. 

as Application No. 09/530,310 

and was amended on 



I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this 
application in accordance with Title 37, Code of Federal Regulations, §1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, § 119(a)-(d) of 
any foreign application(s) for patent or inventor's certificate listed below and have also 
identified below any foreign application for patent or inventor's certificate having a filing 
date before that of the application on which priority is claimed. 

Prior Foreign Application(s) Priority Claimed 

9722511.4 GBRI 27 October 1997 0 Yes □ No 

(Number) (Country) (Day/Month/Year Filed) 

PCT/EP98/069 85 PCT 21 October 199 8B^es □ No 

(Number) (Country) (Day/Month/Year Filed) 

I hereby claim the benefit under Title 35, United States Code, § 119(e) of any United States 
provisional application(s) listed below. 



(Application Number) (Filing Date) 



(Application Number) (Filing Date) 

I hereby claim the benefit under Title 35, United States Code, § 120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States application in the manner provided by 
the first paragraph of Title 35, United States Code, § 1 12, 1 acknowledge the duty to disclose 
information which is material to patentability as defined in Title 37, Code of Federal 
Regulations, § 1.56 which became available between the filing date of the prior application 
and the national or PCT international filing date of this application. 



(Application Number) (Filing Date) (Status - patented, pending, abandoned) 



(Application Number) (Filing Date) (Status - patented, pending, abandoned) 
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I hereby appoint the following attorney(s) and/or- agent(s) to prosecute this application and to 
transact all business in the Patent and Trademark Office connected therewith: 

Jonathan P. Meyer, Reg. No. 30,477 ; Doug Fekete, Reg. No. 29,065 ; 
K Cyrus Khosravi, Reg. No. 40,375 ; Steven G Parmelee, Reg. No. 28,790 ; J. Ray 
W ood, Reg. No. 36,062 ; Daniel K. Nichols, Reg. No. 29,420 ; Val Jean Hillman, Reg. No. 
34,841 ; Susan L. Lukasik, Reg. No. 35,261 ; Terri S. Hughes, Reg. No. 41,856 ; Steven R. 
Santema, Reg. No. 40,156 . 

Address all telephone calls to Mr. Jonathan P. Meyer at telephone no. (847) 576 0173. 

Address all correspondence to Jonathan P. Meyer, Motorola, Inc., Intellectual Property 
Section - Law Department, 1303 East Algonquin Road, Schaumburg, IL 60196. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the Umted 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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DATE: 
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United Kingdom 
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FULL NAME OF SECOND INVENTOR: 

FIRST MIDDLE LAST 

O'NEILL, Rorie 


INVENTOR'S SIGNATURE -j 


DATE. 


RESIDENCE: 

25 Applewood Court, Westlea,, Swindon Wiltshire SN2 7 AH, UK 


CITIZENSHIP. 

United Kingdom 


POST OFFICE ADDRESS: 
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FULL NAME OF THIRD INVENTOR: 

FIRST MIDDLE LAST 

KARIMI, Reza 




DATE: 

fiO-fOO 


RESIDENCE: / ^ } 

17 Hodds Hill, , Swindon, Wiltshire SN5 5BJ, UK 


CITIZENSHIP* 

United Kingdom 


POST OFFICE ADDRESS 
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MOHEBBI, Behzad 
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DATE- 


RESIDENCE* 
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Santema, Reg. No» 40,156 . 

Address all telephone calls to Mr. Jonathan P. Meyer at telephone no. (847) 576 0173. 
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I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon* 
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